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Abstract
In terms of the topological diagram approach with the SU(3) flavor symmetry, we study the
two-body anti-triplet charmed baryon decays, whereas the symmetry properties of the baryon
wave functions are not taken into account. Since each (non-)factorizable topological amplitude can
be extracted with the data, we find that only one W -exchange decaying process can dominantly
contribute to Λ+c → Ξ0K+. Besides, it is found that the non-factorizable contributions can cause
the destructive interference, such that our result of B(Λ+c → ppi0) = (0.8± 0.7)× 10−4 agrees with
the experimental upper bound. We also predict that B(Λ+c → Σ+η′) = (0.5± 0.1)× 10−2, B(Λ+c →
pη′) = (1.0 ± 0.3) × 10−4, B(Ξ0c → Ξ−K+) = (5.23 ± 0.04) × 10−4 and B(Ξ0c → Λ0K¯0,Ξ−pi+) =
(0.80 ± 0.20, 1.91 ± 0.17) × 10−2, to be compared with the future BESIII and LHCb experiments.
∗ yukuohsiao@gmail.com
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I. INTRODUCTION
The two-body Bc → BM decays have provided important information for the hadroniza-
tion in the weak interaction, where Bc = (Ξ
0
c ,−Ξ+c ,Λ+c ) are the lowest-lying anti-triplet
charmed baryon states, and B(M) the baryon (meson) octet. According to the factoriza-
tion approximation, the Cabibbo-allowed Λ+c → pK¯0 and Cabibbo-suppressed Λ+c → pπ0
decays both go through the color-suppressed tree-level process. Nonetheless, with the
data input of B(Λ+c → pK¯0) = (3.16 ± 0.16) × 10−2 [1], one extracts the effective Wil-
son coefficient a2 ≃ O(1.0), which is as large as a1 for the color-allowed decay modes,
whereas B(Λ+c → pπ0) < 2.7 × 10−4 [2] causes a2 < 0.5. In the same approach, one
obtains B(Ξ0c → Ξ−K+)/B(Ξ0c → Ξ−π+) = 1.4s2c , to be inconsistent with the data of
(0.6 ± 0.2)s2c with sc ≡ sin θc = 0.2245 [1], where θc denotes the Cabibbo angle. Moreover,
the Λ+c → Σ0M+ and Λ+c → Λ0M+ decays with M+ = (π+, K+) can be depicted as the
Λ+c to Σ
0 or Λ0 transition, together with the M+ production from the external W -boson
emission. According to Σ0(Λ0) ∼ (ud ± du)s, the symmetric quark structure for Σ0 does
not match ΛQ ∼ (ud − du)Q with Q = (c, b) being transformed as s via the weak current,
resulting in B(ΛQ → Λ0M+)≫ B(ΛQ → Σ0M+) = 0 in the factorization [3–5]. Nonetheless,
it is measured that B(Λ+c → Σ0M+) ≃ B(Λ+c → Λ0M+) [1, 6], while B(Λ0b → Σ0M+) = 0
has not been tested.
The inconsistencies indicate the possibility that, although being often neglected in the b-
hadron decays [7–9], the non-factorizable effects are able to give rise to sizeable contributions
in the two-body charmed baryon decays. For example, the Λ+c → Ξ0K+ and Λ+c → Ξ∗0K+
decays only proceed through the two non-factorizable W -exchange processes, where Ξ∗0 ≡
Ξ(1530)0. Indeed, the recent measurements of their absolute branching fractions by BESIII
present that [10]
B(Λ+c → Ξ0K+) = (5.90± 0.86± 0.39)× 10−3 ,
B(Λ+c → Ξ∗0K+) = (5.02± 0.99± 0.31)× 10−3 , (1)
where the more accurate results reconfirm the previous measurements relative to Λ+c →
pK−π+ [1, 11, 12]. The approach of the SU(3) flavor (SU(3)f ) symmetry is commonly
used in the heavy hadron decays [4, 13–27], where the initial and final states are related
to the irreducible SU(3)f representation of the effective Hamiltonian, to derive the SU(3)f
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amplitudes. By merging all possible factorizable and non-factorizable effects, the SU(3)f
amplitudes are enabled to explain B(Λ+c → Ξ0K+) [4, 22–24]. However, one cannot dis-
tinguish which of the two W -exchange processes gives more contribution, while the similar
W -exchange contributions in Λb → pπ−(pK−), Ξ0bc → pK−, and Ξ+cc → Σ++c (2520)K− have
been studied in [28–31]. For B(Λ+c → pπ0) estimated to be higher than the experimental
upper bound [24], which corresponds to a2 ∼ O(1.0) from the observation of B(Λ+c → pK¯0),
the sizeable destructive interferences from the non-factorizable effects are proposed to reduce
the estimation [5]. Therefore, the investigation of the all kinds of non-factorizble effects in
Bc → BM is necessary, which come from five different processes. In Refs. [5, 32], since
the topological diagrams have been drawn to identify different decaying processes, with
the corresponding parameters extracted from the data, we can systematically analyze the
different non-factorizable effects. This should be like the studies with the topological am-
plitudes in the D decays [33–36]. In this report, by including all the existing data, we
will determine the topological amplitudes in the two-body charmed baryon decays, such
that we will be able to explain the inconsistent extractions of a2 from Λ
+
c → pK¯0 and
Λ+c → pπ0, together with the relation of B(Λ+c → Σ0M+) ≃ B(Λ+c → Λ0M+) and the
ratio of B(Ξ0c → Ξ−K+)/B(Ξ0c → Ξ−π+). Moreover, some of the branching ratios can be
predicted.
II. DIAGRAMMATIC APPROACH
For the two-body charmed baryon decays via the tree-level c → sud¯, c → udd¯ and
c→ uss¯ transitions, the effective Hamiltonian is given by [37]
Heff =
∑
i=1,2
GF√
2
ci
(
VcsVudOi + VcdVudO
d
i + VcsVusO
s
i
)
, (2)
where GF is the Fermi constant, c1,2 are the Wilson coefficients, and Vij the CKM matrix
elements. The four-quark operators O
(q)
1,2 are written as
O1 = (u¯d)(s¯c) , O2 = (s¯d)(u¯c) ,
Oq1 = (u¯q)(q¯c) , O
q
2 = (q¯q)(u¯c) , (3)
where q = (d, s) and (q¯1q2) = q¯1γµ(1 − γ5)q2. The decays with VcsVud ≃ 1 and VcsVus ≃
−VcdVud ≃ sc are classified as the Cabibbo-favored (CF) and singly Cabibbo-suppressed
(SCS) processes, respectively.
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FIG. 1. Topological diagrams for the Bc → BM decays.
In terms of the effective Hamiltonian in Eq. (2), the amplitudes of Bc → BM can be
depicted as the quark diagrams [5, 32], where the quark lines should be in accordance with
the operators in Eq. (3). For example, the color-allowed and color-suppressed amplitudes
with the external and internal W emissions are drawn in Fig. 1a and b, respectively, being
parameterized as T and C, instead of being calculated with the QCD-inspired models. Apart
from Fig. 1a(b) for the factorizable T (C) amplitude, one has Fig. 1c for the non-factorizable
C ′ amplitude. It is interesting to note that C ′ can be seem as the consequence of exchanging
B and M in Fig. 1b for C. The W -exchange amplitudes of (E ′, EB, EM) are drawn in
Fig. 1(d,e,f), respectively, where a gluon is added to relate M and B. Besides, EB(EM ) has
the W -boson to connect B and M , with the c-quark transition to be a valence quark in
B(M), while E ′ is for M unable to connect to the W -boson. In contrast with the two-body
D decays [33–36], there is noW -annihilation amplitude but two additionalW -exchange ones
in Bc → BM . To preserve the SU(3) flavor symmetry, the amplitude needs the suitable
insertions of the final states to match the quark diagrams, such as π0 =
√
1/2(uu¯ − dd¯),
which can add a pre-factor of ±
√
1/2 to the parameters of (T, C(′), EB(M), E
′). Likewise,
the (η, η′) meson states mix with ηq =
√
1/2(uu¯+ dd¯) and ηs = ss¯, whose mixing matrix is
presented as [38]

 η
η′

 =

 cosφ − sinφ
sinφ cos φ



 ηq
ηs

 , (4)
with the mixing angle φ = (39.3 ± 1.0)◦. Note that, unlike the topological quark-diagram
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TABLE I. The topological amplitudes for the Bc → BM decays.
Decay mode A(Bc → BM)/(GF√2 )
Λ+c → pK¯0 VcsVud(C + EM )
Λ+c → Λpi+ VcsVud(T + C ′ + EB + E′)
Λ+c → Σ+pi0 VcsVud
√
1
2(−C ′ + EB + E′)
Λ+c → Σ0pi+ VcsVud(T + C ′ + EB + E′)
Λ+c → Ξ0K+ VcsVud(EB + E′)
Λ+c → Σ+η VcsVud
√
1
2(C
′ + EB + E′) cos φ− VcsVudEM sinφ
Λ+c → Σ+η′ VcsVud
√
1
2(C
′ + EB + E′) sin φ+ VcsVudEM cosφ
Λ+c → ppi0 VcdVud
√
1
2(−C − C ′ − EM + EB + E′)
Λ+c → Λ0K+ VcsVus(T + C ′) + VcdVud(EB + E′)
Λ+c → Σ0K+ VcsVus(T + C ′) + VcdVud(EB + E′)
Λ+c → Σ+K0 VcsVusC ′ + VcdVudEM
Λ+c → pη VcdVud
√
1
2(C + C
′ + EM + EB + E′) cosφ− VcsVusC sinφ
Λ+c → pη′ VcdVud
√
1
2(C + C
′ + EM + EB + E′) sinφ+ VcsVusC cosφ
Ξ0c → Ξ−K+ VcsVusT
Ξ0c → Λ0K¯0 VcsVud(C + C ′ + E′ + EM )
Ξ0c → Ξ−pi+ VcsVud(T + EB)
approach in Ref. [32], the symmetry properties of the baryon wave functions are not taken
into account, such that the topological amplitudes are presented in the simple forms. Sub-
sequently, we obtain the amplitudes of Bc → BM in Table I for the observed ones, of which
the decay widths depend on the integration of the phase space for the two-body decays,
given by [1]
Γ(Bc → BM) = |~pB|
8πm2
Bc
|A(Bc → BM)|2 ,
|~pB| =
√
[m2
Bc
− (mB +mM )2][m2Bc − (mB −mM )2]
2mBc
. (5)
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III. NUMERICAL RESULTS
In our numerical analysis, the topological amplitudes to be extracted with the data are
in fact complex, presented as
T, CeiδC , C ′eiδC′ , EBe
iδEB , EMe
iδEM , E ′eiδE′ , (6)
which are counted to be 11 parameters, with T set to be relatively real. As the theoretical
inputs in the amplitudes of Bc → BM , the CKM matrix elements in the Wolfenstein
parameterization are given by [1]
(Vcs, Vud, Vus, Vcd) = (1− λ2/2, 1− λ2/2, λ,−λ) , (7)
with λ = sc = 0.22453 ± 0.00044. We perform the numerical analysis with the minimum
χ2-fit method, of which the equation is written as [24]
χ2 =
∑
i
(Bith − Biex
σiex
)2
+
∑
j
(Rjth −Rjex
σjex
)2
, (8)
where B (R) denotes (the ratios of) the branching ratios. Besides, the subscripts th and ex
stand for the theoretical inputs from the amplitudes in Table I and the experimental data
points in Table II, respectively, with σi,j the errors. According to the fit, we determine the
parameters in Eq. (6) as
(T, C, C ′) = (0.43± 0.02, 0.18± 0.02, 0.25± 0.01)GeV3 ,
(EB, EM , E
′) = (0.25± 0.03, 0.38± 0.01, 0.01± 0.02)GeV3 ,
(δC , δC′, δEB , δEM , δE′) = (95.1± 6.7, 195.9± 4.4, 68.6± 3.2, 41.6± 6.9,−1.7± 43.3)◦ ,
χ2/d.o.f = 0.41/1, (9)
with d.o.f representing the degree of freedom. By taking the parameters in Eq. (9) as the
inputs, we theoretically reproduce (the ratios of) the branching ratios, together with the
predictions for B(Λ+c → Σ+η′, pη′) and B(Ξ0c → Ξ−K+,Λ0K¯0,Ξ−π+), given in Table II.
IV. DISCUSSIONS AND CONCLUSIONS
The value of χ2/d.o.f ≃ 0.4 presents a reasonable fit, which demonstrates that the
topological amplitudes based on the diagrammatic approach can explain the data of the
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TABLE II. The data and numerical results for Bc → BM , in comparison with the recent theoretical
studies.
(Ratios of) Branching ratios This work Ref. [24] Ref. [26] Ref. [5] Data [1, 2, 39]
102B(Λ+
c
→ pK¯0) 3.2± 0.4 3.2± 0.1 2.72− 3.60 3.16± 0.16
102B(Λ+c → Λ0pi+) 1.3± 0.3 1.3± 0.1 1.30± 0.17 1.30± 0.07
102B(Λ+
c
→ Σ0pi+) 1.3± 0.3 1.3± 0.1 1.27± 0.17 1.29± 0.07
102B(Λ+c → Σ+pi0) 1.2± 0.2 1.3± 0.1 1.27± 0.17 1.24± 0.10
102B(Λ+c → Ξ0K+) 0.6± 0.1 0.6± 0.1 0.50± 0.12 0.59± 0.09
102B(Λ+
c
→ Σ+η) 0.7± 0.1 0.70± 0.23
102B(Λ+c → Σ+η′) 0.5± 0.1 —–
104B(Λ+c → ppi0) 0.8± 0.7 5.4± 1.0 a 0.8 0.8± 1.4
< 2.7 (90% C.L.)
104B(Λ+c → Λ0K+) 5.7± 1.2 6.1± 0.9 10.6 6.1± 1.2
104B(Λ+
c
→ Σ0K+) 5.4± 1.1 5.2± 0.7 7.2 5.2± 0.8
104B(Λ+c → Σ+K0) 21.2± 1.3 10.4± 1.5 14.4 —–
104B(Λ+
c
→ pη) 12.4± 2.1 12.8 12.4± 3.0
104B(Λ+c → pη′) 1.0± 0.3 —–
104B(Ξ0c → Ξ−K+) 5.23± 0.04 4.6± 1.7 —–
102B(Ξ0
c
→ Λ0K¯0) 0.80± 0.20 0.78± 0.05 0.94± 0.16 —–
102B(Ξ0c → Ξ−pi+) 1.91± 0.17 1.52± 0.07 2.24± 0.34 —–
R1(Ξ0c) ≡ B(Ξ
0
c
→Ξ−K+)
B(Ξ0
c
→Ξ−pi+) 0.027± 0.002 0.028± 0.006
(0.54± 0.04)s2
c
(0.6± 0.2)s2
c
(0.56± 0.12)s2
c
R2(Ξ0c) ≡ B(Ξ
0
c
→Λ0K¯0)
B(Ξ0
c
→Ξ−pi+) 0.42± 0.11 0.5± 0.1 0.42± 0.06
a In the revision of the numerical analysis, the values have been fixed as 1.3± 0.7 [40].
two-body Bc → BM decays. The contributions from the factorizable and non-factorizable
decaying processes can be specifically quantified in Eq. (9). Moreover, the fit of |T | ≃ |EM | ≃
0.4 and |C| ≃ |C ′| ≃ |EB| ≃ 0.2 shows that the non-factorizable effects are extracted to be
as large as the factorizable ones, except for E ′ ≃ 0, which can be the hint for the QCD-
inspired model calculations. Indeed, the (non-)factorizable effects have been explored in the
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Λb decays, which relies on the soft-collinear effective theory [28]. With |EB| ≫ |E ′| ≃ 0
in A(Λ+c → Ξ0K+) ∝ VcsVud(EB + E ′), it is clear to see that, instead of E ′, EB as one of
the W -exchange processes in Fig. 1 dominantly contribute to the branching ratio, which is
pointed out for the first time.
In the factorization approach, one tends to believe that there exist the universal effective
Wilson coefficients a1,2 for the color-allowed and color-suppressed decay modes, respectively,
which is based on the assumption that the non-factorizable effects can give similar contri-
butions to the different decays, and received by a1,2. This leads to the relations of
B(Λ+c → pπ0) ≃
(
a2
a¯2
fpi
2fK
VcdVud
VcsVud
)2
B(Λ+c → pK¯0) ,
B(Ξ0c → Ξ−K+) ≃
(
a1
a¯1
fK
fpi
VcsVus
VcsVud
)2
B(Ξ0c → Ξ−π+) , (10)
with a2 (a¯2) for Λ
+
c → pπ0(pK¯0) and a1 (a¯1) for Ξ0c → Ξ−K+(Ξ−π+), where fM is the decay
constant, presenting the meson production in the factorizable amplitude ofA(Bc → BnM) ∝
〈M |(q1q2)|0〉〈B|(q3c)|Bc〉. By means of a2 = a¯2 and the data input of B(Λ+c → pK¯0) in
Table II, one estimates that B(Λ+c → pπ0) = (5.5± 0.3)× 10−4 [24] , apparently disagreeing
with the experimental upper bound of 2.7 × 10−4 or (0.8 ± 1.4) × 10−4 [2, 39]. While a
large destructive interference between the factorizable and non-factorizable amplitudes for
Λ+c → pπ0 is proposed as the solution [5], we show that A(Λ+c → pK¯0) ∝ C + EM and
A(Λ+c → pπ0) ∝ −(C + EM) + (EB − C ′) + E ′ from Table I, where EB − C ′ can give rise
to the sizeable destructive interference, leading to B(Λ+c → pπ0) = (0.8 ± 0.7) × 10−4 in
Table II. With the second relation in Eq. (10), a1 = a¯1 causes R1(Ξ0c) = 1.4s2c to be far away
from the data of (0.56 ± 0.12)s2c . The exact SU(3)f symmetry also leads to the deviated
R1(Ξ0c) ≃ 1.0s2c , whereas the broken symmetry gives R1(Ξ0c) = (0.6 ± 0.2)s2c [24]. On the
other hand, we show that R1(Ξ0c) ≃ 1/(1 + EB/T )2, where EB/T gives the constructive
contribution, resulting in R1(Ξ0c) = (0.54 ± 0.04)s2c to accommodate the data. Although
the factorization predicts that B(Λ+c → Λ0M+) ≫ B(Λ+c → Σ0M+) = 0, by disregarding
the symmetry properties of the baryon wave functions, we simply have B(Λ+c → Λπ+) ≃
B(Λ+c → Σ0π+) and B(Λ+c → Λ0K+) ≃ B(Λ+c → Σ0K+), in agreement with the data. We
hence conclude that, when the non-factorizable effects can be significant in Bc → BM , the
effective Wilson coefficients a1,2 cannot have universal values.
Both by the SU(3)f symmetry, the topological diagrams and SU(3)f amplitudes can
be used to explain the data well. Moreover, they are demonstrated to be the equivalent
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model-indepent approaches [41], while the diagrammatic one explicitly describes the differ-
ent decaying processes, and the SU(3)f amplitudes merge all possible (non-) factorizable
contributions. Since the absolute branching fractions of Ξ0c → BM have not been mea-
sured, we predict that B(Ξ0c → Ξ−K+) = (5.23± 0.04)× 10−4 and B(Ξ0c → Λ0K¯0,Ξ−π+) =
(0.80 ± 0.20, 1.91 ± 0.17) × 10−2, together with B(Λ+c → Σ+η′) = (0.5 ± 0.1) × 10−2 and
B(Λ+c → pη′) = (1.0± 0.3)× 10−4, to be tested by the future measurements.
In sum, we have globally analyzed all the measured Bc → BM decays, which is in
terms of the diagrammatic approach with the SU(3)f symmetry. We have determined
the factorizable and non-factorizble amplitudes, being parameterized to correspond to the
topological diagrams. Accordingly, we have been able to distinguish one W -exchange de-
caying process from the other, which dominantly contributes to Λ+c → Ξ0K+. The de-
structive interference between the factorizable and non-factorizable decaying processes have
been given to contribute to B(Λ+c → pπ0), such that the overestimation of B(Λ+c → pπ0)
in the factorization could be reduced to agree with the experimental upper bound. For
B(Ξ0c → Ξ−K+)/B(Ξ0c → Ξ−π+) = (0.56 ± 0.12)s2c measured to disapprove the predicted
value of 1.4s2c in the factorization, it has been regarded to be due to the ignoring of one
specific non-factorizble effect for Ξ0c → Ξ−π+. We have predicted that B(Λ+c → Σ+η′) =
(0.5±0.1)×10−2, B(Λ+c → pη′) = (1.0±0.3)×10−4, B(Ξ0c → Ξ−K+) = (5.23±0.04)×10−4
and B(Ξ0c → Λ0K¯0,Ξ−π+) = (0.80 ± 0.20, 1.91 ± 0.17) × 10−2, to be compared with the
future BESIII and LHCb experiments, in order to see if the diagrammatic approach with
the SU(3)f symmetry can be further tested to be valid, while the symmetry properties of
the baryon wave functions have been disregarded in this work.
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